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Seeding r a t e  and n i t rogen  on wheat 
Why? Th is  t r i a l  had severa l  objectives: 
1. To examine the economic choice o f  n i t rogen and seeding ra tes  i n  a 
leaching s i t u a t i o n  w i t h  a h igh y i e l d  potential. 
2. To t e s t  t he  n i t rogen  sec t ion  o f  NP-Decide. 
3. To gather data t h a t  enables compet i t ion f o r  resources t o  be examined by 
regarding the  crop as a populat ion o f  i n d i v i d u a l  plants. 
T r i a l  no . :  87M049/5487EX 
Locat ion: E.D. Browne and Sons, Wannamal 
S o i l :  L a t e r i t i c  g rave l  i n  sandy loam. Northcote UC6.14 
F ie l d  capac i ty  water content 
0-10cm 70-90cm 170-190cm 
(%dry weight o f  soil) 5.5 4.6 4.3 
%Gravel 58 79 83 
%Organic carbon 2.36 
%Total N 0.157 
ppm Bicarb. P 48 
pH: 6,2 
Vegetat ion: Forest (Mar r i ,  Wandoo, some Jarrah). 
H is to ry :  Cleared e a r l y  1960's. 
Phosphorus: 27kg/ha o f  P each year under cu r ren t  management. 
Trace elements: 206 kg/ha (1bag/acre) o f  Super+Cu+Zn 
i n  e a r l y  1960's. 
100 kg/ha o f  Super+Cu+Zn "A" i n  1985. 
Super + Mn used t o  supply P i n  most years, and 
manganese sulphate i s  sprayed a t  4kg/ha when 
required. 
Rotat ion:  ' 8 2  wheat, '83 lup ins ,  '84  wheat, 
'85 bar ley ,  '86 lup ins .  Lupin s tubb le  burnt. 
Diseases: Would normal ly expect t a k e - a l l  i n  a second cerea l  crop 
a f t e r  lupins. 
Weeds: Very w e l l  c o n t r o l l e d  except f o r  grass weeds (mainly 
ryegrass) along fenceline. 
H i s t o r i c a l  y i e l d s :  The farmer normal ly expects t o  harvest more 
than th ree  t / h a  o f  wheat, and expects a good 
response t o  bag n i t rogen  a f t e r  lupins. 
Seasonal cond i t ions :  
There were severa l  la rge  and intense r a i n f a l l  events a t  t he  s t a r t  o f  the 
season, which caused rap id  leaching o f  n i t rogen  on t h i s  s o i l .  D a i l y  rainfall 
events are shown i n  f i g u r e  one, 
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Management: 
The t imes o f  sampling and management events are shown i n  f i g u r e  one. Table one 
d e t a i l s  management inputs  i n t o  the  t r i a l  and costs  associated w i t h  growing an 
analogous crop, Farmer inputs  i n t o  t h i s  paddock were a t  a s i m i l a r  l e v e l  to 
those used on the trial. 
The t r i a l  was seeded w i t h  Cranbrook wheat t h a t  was grown, graded and pickled 
by the  farmer, Twenty-metre p l o t s  were d i r e c t - d r i l l e d  w i t h  a 12 run Massey 
combine. High seeding ra tes  were achieved by using both the f i n e  and coarse 
s e t t i n g s  o f  the seed box, The lowest dens i ty  treatment was achieved by 
covering a l l  the  seed box s l o t s  except f o r  runs three,  s i x  and n ine,  and 
seeding a t  the  lowest r a t e  s e t t i n g .  At  31 days a f t e r  p lan t ing ,  these plots 
were th inned out  t o  an i n t e r - p l a n t  spacing o f  approximately lm. 
Rates o f  n i t rogen ( i n  the  form o f  urea) were top-dressed by nand, 24 days 
a f t e r  seeding. 
Add i t i ona l  weed c o n t r o l  on the  spaced p l o t s  was achieved by occasional hand 
weeding. 
Measurements: 
S o i l  sur face (0-10cm) and augur samples t o  a depth o f  2m were taken a t  several 
t imes. (See f i g u r e  one). P r o f i l e  samples were. analysed f o r  water content, 
ammonium, n i t r a t e  and potassium. Surface samples were a lso  analysed for 
phosphorus, organic carbon and t o t a l  n i t rogen.  Where possib le,  roo ts  were 
washed ou t  o f  the augur samples and roo t  lengths were measured. 
A standard CSBP s o i l  t e s t  was done on the t r i a l  area. 
A i r  temperature was recorded by a char t  recorder ins ide  a standard Stevensen 
screen on the s i t e ,  S o i l  temperature was recorded by means o f  a probe at 
approximately 3 cm depth i n  the  soil. 
Cohorts o f  p lan ts  were marked ou t  on several  t reatments, and numbers o f  plants 
and t i l l e r s  w i t h i n  these cohor ts  were counted throughout the  growth o f  the 
crop. These p lan ts  were then sampled separately a t  harvest. 
"Whole-plant" samples were taken a t  several  t imes ( f i g u r e  one) by uprooting 
a l l  p l an t s  w i t h i n  a standard quadrat (4 ha l f -met re  row-lengths).  These samples 
were then sor ted i n t o  p lan ts  w i t h  one stem, two stems, th ree  stems e tc .  These 
sub samples were weighed separate ly .  On some treatments these were further 
sub-sampled and measurements o f  roo t ,  l e a f ,  t i l l e r  and head development were 
made. Samples were analysed f o r  n i t rogen and phosphorus content. 
Flag leaves samples were taken f o r  t race  element analysis. 
Standard hand harvest quadrat cu ts  were done a t  harvest ( f o u r  quadrats per 
p l o t )  .and y i e l d  components were measured on these samples. 
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Figure 1. Timing o f  r a i n f a l l ,  management and sampling events. 
H a r v d  1/11 
""""mums1--- loq4 ,  
tekViS SA 
k retlfts 12. 
— 
PALS:6 COVVIS ick 
lop,  sco-gLA 14-18 
Cowass 
Cov,L 1-1% 
MIESIMM- 
0 - 1 9 3  11/1 coub•A. 1611 
%ie..— 
t . ) 4  911 
Sc>1 J1L, cvls Srfoti CAtrit.  1 5 / 6  1/1 
''''"w4bAL-co sjko, m5 MA +orarLd 11/6 co 9/6 
tmero, ,epv,e covn6 
molt priAlks 1.1Vg setotiv, los 
pro.v\ 1 15/5 
rcA 3 1 /5 
(St& sqmple 11/'l- 
Se. Selettioc, 3/It. 
50 40 30 20 10 
R a i n f a l l  (mm/day) 
- 34- 
Table 1. Seasonal costs o f  a paddock rece iv ing  the same inputs  as the trial. 
PRICES ASSUMED 
Fertilizers $/t Wheat $/t 
( bu l k  ex Bayswater+$10/t freight) Farm gate price 130.00 
Super,copper,zinc 192.00 
Super+manganese 199.00 Sprays $/1 
Urea 263.00 Hoegrass 17.75 
BS100 wetter 4.35 
Seed $/t SpraySeed 6.87 
Treated on farm 160,00 HoeWet 5.10 
Gramoxone 10,00 
COSTS OTHER THAN NITROGEN AND SEED 
Tot:dressing super kg/ha $/11 
Contract r a t e  2.40 
Super+Cu+Zn 120 23.04 
Sub t o t a l  25.44 
1st  sorav 1/ha $/ha 
SpraySeed 1 6.87 
Gramoxone 0.25 2,50 
Wetter 0.11 0.48 
Contract  r a t e  4.30 
Sub t o t a l  14.15 
2nd slorm, 1/ha $/ha 
SpraySeed 1.25 8.59 
Gramoxone 0.25 2.50 
Wetter 0.11 0.48 
Contract r a t e  4.30 
Sub t o t a l  15.87 
Seeding kg/ha $/ha 
Contract r a t e  12.00 
Super+Mn 200 39.80 
Sub t o t a l  51.80 
Post emerg. sorav 1/ha $/ha 
Hoegrass 1 17,75 
Wetter 0.175 0.89 
Contract rate 4.30 
Sub total 22.94 
EARLY SEASON TOTAL 130.20 
Discount rate 0.1 
ADJUSTED TO END OF SEASON 143.22 
Harvesting $/ha 
Contract 20.00 
TOTAL COSTS OTHER THAN 
NITROGEN AND SEED 163,22 
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Observations: 
The main weeds on the t r i a l  were ryegrass and b lue pimpernel, Ryegrass 
dens i t i es  ranged from <1 p l a n t  m-2 a t  the  th ree  h ighest  seeding ra tes  to 
approximately 25 p lan ts  m-2 a t  the lowest seeding ra te .  Pimpernel was more 
not iceab le  on the spaced p l o t s  and occurred i n  patches throughout the trial. 
Septor ia was observed on leaves and heads o f  most t reatments.  I t  was, 
however, much less  not iceab le  a t  the h ighest  dens i t y  and on the spaced plots. 
At  the 22/9 sampling, 17% o f  the p lan ts  sampled showed a d i s c o l o r a t i o n  o f  the 
sub-crown internode t h a t  enc i rc led  the stem f o r  a length o f  1cm o r  more. 
There was no v i s u a l l y  obvious t rend w i t h  treatment. 
Lodging occurred on some p l o t s ,  and was no t  r e l a ted  i n  any obvious way to 
t reatment.  I t  occurred i n  patches and was more pronounced i n  p l o t s  bordering 
the spaced plots, 
Results:  
Only r e s u l t s  and ana lys is  re levant  t o  the f i r s t  ob jec t i ve  o f  t he  t r i a l  w i l l  be 
presented here. 
Table 2. Grain y i e l d  (kg/ha) as a func t i on  o f  seeding r a t e  and n i t rogen rate. 
(Mean o f  th ree  replications) 
Seeding r a t e  Nitrogen ra te  (kg/ha elemental N) 
(kg/ha) 0 20 40 80 160 240 
Spaced data no t  applicable 
20 2103 2417 2835 2829 3098 2996 
50 2265 2601 2854 3285 3202 3515 
87.5 2569 2718 3163 3179 3279 3168 
165 2196 3389 3339 
381 2439 3196 2878 
Table 3. Above ground dry matter a t  harvest  (kg/ha) as a f u n c t i o n  o f  seeding 
and n i t rogen  ra te .  (Mean o f  three replications) 
Seeding r a t e  Nitrogen ra te  (kg/ha elemental N) 
(kg/ha) 0 20 40 80 160 240 
Spaced data not  applicable 
20 4424 4758 5537 4919 6452 6086 
50 4512 5196 5833 6569 6319 7223 
87.5 5241 5303 6469 6576 6897 6616 
165 4822 7559 7829 
381 5802 8168 8125 
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Figure 2. The r e l a t i o n s h i p  between the  number o f  gra ins per head and the 
number o f  heads per square metre a t  harvest.  (Data from individual 
replications), 
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Figure 3. The r e l a t i o n s h i p  between above-ground dry  matter a t  harvest and the 
number o f  g ra ins  per  square metre. (Data from i n d i v i d u a l  replications). 
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Figure 4. The r e l a t i o n s h i p  between the number o f  g ra ins  per square metre 
and thousand-grain weight. (Data from i n d i v i d u a l  replications) 
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Figure 5. The r e l a t i o n s h i p  between g ra in  y i e l d  and the  number o f  g ra ins  per 
cqunrc motro. (Dota from i n d i v i d u a l  replicationa). 
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Analysis: 
A curve o f  the  form: 
1/GY=A/(B+Nr)+C/Sr+D.Nr,Sr+E 
where 
GY=grain yield(t/ha), 
Sr=seeding rate(t/ha), 
Nr=nitrogen rate(t/ha), 
and A,B,C,9 and E are coefficients, 
was f i t t e d  t o  the data i n  t a b l e  two. This r e l a t i o n s h i p  explained "487,9 o f  the 
v a r i a t i o n  i n  the data. The f i t t e d  c o e f f i c i e n t s  are l i s t e d  i n  t a b l e  four. 
Table 4. Curve coefficients. 
Coef f .  Main e f f e c t  o f  the  c o e f f i c i e n t ,  Value 
A S e n s i t i v i t y  t o  p o s i t i v e  e f f e c t s  o f  n i t rogen.  0.0047 
B Determines the y i e l d  w i t h  no f e r t i l i z e r  N. 0.0275 
C S e n s i t i v i t y  t o  p o s i t i v e  e f f e c t s  o f  seeding ra te .  0.0013 
D S e n s i t i v i t y  t o  negat ive e f f e c t s  o f  N and 
seeding ra te .  1.18 
E Determines maximum achievable y i e l d .  0.2414 
This equat ion was used t o  generate the  y i e l ds  i n  t a b l e  f i v e .  The information 
i n  t a b l e  one was then used t o  ca l cu la te  gross margins ( t a b l e  8).  Table seven 
shows the  amount o f  expenditure on n i t rogen and seed requi red t o  achieve these 
gross margins, 
Table 6. Grain y i e l ds  ca lcu la ted  from the  f i t t e d  curve (kg/ha). 
Seeding Rate o f  n i t rogen (kg/ha) 
r a te  (k/ha) 0 20 40 60 80 100 120 
20 2095 2464 2653 2766 2841 2893 2932 
30 2195 2602 2811 2936 3019 3076 3117 
40 2248 2675 2895 3026 3111 3170 3211 
50 2281 2721 2946 3080 3166 3224 3264 
60 2304 2752 2980 3116 3200 3257 3296 
70 2321 2773 3004 3138 3223 3278 331 4 
80 2333 2790 3021 3154 3237 3290 3324 
90 2343 2802 3033 3165 3246 3297 3328 
100 2351 2811 3042 31 73 3251 3300 3329 
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Table 6, Gross margins($/ha). 
Seeding Rate o f  n i t rogen (kg/ha) 
r a t e  (kg/ha)  0 20 40 60 80 100 120 
20 106 138 150 152 150 144 136 
30 117 154 169 173 171 166 159 
40 122 162 178 183 181 176 169 
50 125 166 183 188 187 182 174 
60 126 169 186 191 189 184 177 
70 126 170 187 192 190 185 177 
80 126 170 188 192 191 185 177 
90 126 170 187 192 190 184 176 
100 125 169 187 191 189 183 174 
Table 7. Var iable costs  o f  n i t rogen and seed($/ha). 
Seeding Rate o f  n i t rogen  (kg/ha) 
r a t e  (kg/ha) 0 20 40 60 80 100 120 
20 4 19 31 44 56 69 82 
30 5 20 33 46 58 71 83 
40 7 22 35 47 60 73 85 
50 9 24 37 49 62 74 87 
60 11 26 38 51 64 76 89 
70 12 28 40 53 65 78 90 
80 14 29 42 54 67 80 92 
90 16 31 44 56 69 81 94 
100 18 33 45 58 71 83 96 
Comments: 
On t h i s  s i t e  and i n  t h i s  season, the  main component o f  g r a i n  y i e l d  was the 
number o f  g ra ins  produced per square metre, and t h i s  component could be 
manipulated w i t h  e i t h e r  seeding ra te  o r  n i t rogen  rate. 
The economic ana lys is  i n  t a b l e  6 i s  cons is ten t  w i t h  t h i s  conclusion, and also 
i l l u s t r a t e s  the  f a c t  t h a t  there  i s  a broad range o f  seeding r a te :n i t r ogen  rate 
combinations over which a fa rmer ' s  gross margin would n o t  have var ied much. 
However, over t h i s  range o f  seeding ra tes  and n i t rogen  ra tes  there i s  a 
s i g n i f i c a n t  v a r i a t i o n  i n  t he  amount o f  expenditure on n i t rogen  and seed 
requi red a t  the  beginning o f  t he  season. The f i g u r e s  i n  bold p r i n t  i n  tables 
6 and 7 are a t  seeding ra te :n i t r ogen  ra te  combinations where the  gross margin 
i s  w i t h i n  f i v e  d o l l e r s  per hectare o f  the  maximum obtainable. 
On t h i s  bas is  o f  t h i s  ana lys is  there may be an argument f o r  using a higher 
than average seeding r a t e  ( i n  the  range 60. .90 kg/ha o f  seed) i n  t h i s  type of 
s i t u a t i o n .  I had p rev ious ly  looked a t  Mel Mason's seeding ra te  by nitrogen 
t r i a l s  on wheat a t  Goomalling, Lancel in and Baker 's  H i l l  (Mason e t  al. 
Technical B u l l e t i n  40, 1978.) i n  a s i m i l a r  way. These t r i a l s  were all 
conducted i n  s i t u a t i o n s  where leaching o f  n i t rogen  could be expected t o  be a 
major f a c t o r  and a s i m i l a r  conclusion could have been drawn i n  each case. 
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The most obvious v i sua l  e f f e c t  on g ra in  y i e l d  was the  e f f e c t  o f  dens i ty  on 
head s i z e .  This i s  r e f l e c t e d  by f i g u r e  two. I t  i s  n o t  obvious from this 
graph, b u t  there was a n i t rogen  e f f e c t  on the  r e l a t i o n s h i p  between the  number 
o f  heads per square metre and the  average number o f  g ra ins  per head. A t  a 
given head dens i ty ,  the  average number o f  g ra ins  per  head increased with 
n i t rogen  rate. 
The c o r r e l a t i o n  between above-ground dry matter a t  harvest  and the number of 
g ra ins  per  square metre was s i m i l a r  whether the  l e v e l  o f  above-ground dry 
matter was var ied by changing seeding ra te  o r  by changing n i t rogen ra te .  This 
a lso  app l ies  t o  the c o r r e l a t i o n  between the  number o f  g ra ins  per square metre 
and the  average g ra in  weight. 
I t  seems t h a t  there was a th resho ld  a t  about 9000 g ra ins  per square metre 
below which there were s u f f i c i e n t  resources f o r  f i l l i n g  the gra ins present, 
and above which g ra in  f i l l i n g  became increas ing ly  limited. 
This s i t e  ra ises some very i n t e r e s t i n g  questions concerning the e f f e c t s  of 
g rave l  on s o i l  p roper t ies ,  On t h i s  s i t e ,  the  n u t r i e n t  and water and root 
content  o f  the  s o i l  i s  conf ined t o  the  s o i l  volume between the grave l  nodules. 
Although a p r i c e  i s  paid i n  terms o f  how r a p i d l y  water moves through the soil 
p r o f i l e ,  i t  could be hypothosised t h a t  having the n u t r i e n t  and water content 
o f  the  s o i l  i n  a concentrated and ava i l ab le  form i n  c lose p rox im i t y  t o  the 
crop roo t  system makes t h i s  a r e l a t i v e l y  h i gh - y i e l d i ng  site. 
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